Women with previous gestational diabetes mellitus (PGDM) are at increased risk of future glucose intolerance. This study aimed to determine the prevalence of prediabetes and type 2 diabetes mellitus (T2DM), and the associated antenatal and historical risk factors among women with PGDM.
INTRODUCTION
Women with a history of previous gestational diabetes mellitus (PGDM) are at increased risk of future glucose intolerance (impaired fasting glucose [IFG] , impaired glucose tolerance
[IGT] and type 2 diabetes mellitus [T2DM]).
(1-3) These women have been reported to have a seven-fold increased risk of developing T2DM when compared to women without PGDM. (4) A metaanalysis that examined women who had PGDM from six weeks to 28 years postpartum showed that the cumulative incidence of developing T2DM after gestational diabetes mellitus (GDM) ranged from 2.6% to > 70%, depending on ethnicity and the diagnostic criteria used. The cumulative incidence increased markedly in the first five years after delivery and appeared to plateau after ten years. (5) In Asian countries, prevalence data on glucose intolerance after GDM is scarce. In Korea, 11.5% of women with PGDM were found to have T2DM based on fasting plasma glucose (FPG) within six years of their index pregnancy with GDM. (6) In Trinidad, West Indies, the cumulative incidence of glucose intolerance was reported to be 32% among women with PGDM within 3.5-6.5 years postpartum. (7) Meanwhile in Beijing, China, the cumulative incidence among women with PGDM within 5-10 years postpartum was 33.3%. (8) In Malaysia, there is a lack of data regarding the prevalence of glucose intolerance in women after GDM.
Studies have shown that risk factors commonly associated with T2DM, such as family history of T2DM (9) and obesity, (2) were found to be associated with an increased risk of developing postpartum glucose intolerance. Additionally, antenatal and historical characteristics such as gestational age at diagnosis of GDM, (10) requirement of insulin treatment during the index GDM pregnancy (11) and delivery of an infant with macrosomia (12) were also associated with an increased risk of developing postpartum glucose intolerance.
Recent well-designed randomised controlled trials have demonstrated that the onset of T2DM can be delayed among high-risk groups such as women with PGDM by means of lifestyle changes or the use of drugs. (13) (14) (15) (16) Therefore, understanding and identifying the characteristics of women with PGDM who are at high risk of progressing to T2DM will assist in the risk stratification of the highest risk individuals for preventive strategies and 
MeThODs
This was a cross-sectional study conducted at UMMC, Kuala
Lumpur, Malaysia. Women with PGDM between 20-50 years of age were recruited using a systematic random sampling method from the hospital's database of women with GDM. The diagnosis of GDM was made based on the 1985 criteria of the World Health
Organization (WHO). (18) The duration from the index pregnancy with GDM ranged from three months to 15 years postpartum.
Women currently pregnant were excluded from the study. Ethical approval of the study was provided by the ethics committee at UMMC (ethics committee/IRB ref no. 375.13). Informed consent was obtained from all the participants prior to inclusion in the study.
The sample size required was calculated based on the following formula suggested by Naing et al in 2006: (19) 
The prevalence data of T2DM and IGT for Malaysians was sourced from the National Health and Morbidity Survey (NHMS) II, (20) where 'n' was the required sample size, 'Z' was the Z-statistic for 95% confidence level (standard value = 1.96), 'p' was the estimated prevalence of diabetes mellitus (12.6%), and 'd' was the precision or margin of error at 5% (standard value = 0.05). Therefore, the formula used for this study was n = ( 
ResUlTs
From a total of 592 potential participants who were selected using systematic sampling from the hospital's database of women with GDM, 448 women responded. The remaining participants were excluded from the study for a variety of reasons -106 women declined to participate, 22 were not contactable due to a change in address, 14 were pregnant again at the time of the study, one woman died and one woman had a speech problem.
106 participants were excluded from the postpartum OGTT assessments because they had already progressed to T2DM. 342 participants were finally selected for enrolment and all women gave informed consent for OGTT assessments. Table II ). Both systolic and diastolic blood pressures progressively increased across the groups from NGT Table II ).
The analysis of historical and antenatal characteristics of the index pregnancy with GDM showed that participants with T2DM had significantly higher gravidity, parity, duration lapse after index GDM pregnancy, BMI, blood pressure at diagnosis of index GDM and need for insulin for glycaemic control during the index GDM pregnancy than women with NGT (p < 0.05). There was no significant difference between the groups with regard to maternal age at diagnosis of index GDM, frequency of GDM, infant birth weight and gestational age at diagnosis of index GDM.
During the index pregnancy with GDM, FPG and 2-hour PG showed an increasing trend across groups from NGT to T2DM.
Participants who progressed to T2DM had significantly higher Table III ).
There was a significant relationship among the categories of postpartum glucose intolerance and the requirement for insulin treatment during the index GDM pregnancy (p < 0.05).
The percentage of participants with T2DM requiring insulin treatment during their index GDM pregnancy (24.5%) was higher than those with NGT (6.4%), isolated IGT (0%), isolated IFG (6.5%) and combined IGT/IFG (3.4%) ( Table III) . The duration lapse after the index GDM pregnancy was divided into three categories, and the analysis showed that the prevalence of T2DM increased between women with a duration of 1-5 years (8.8%) and women with a duration of 6-10 years (22.3%), but appeared to plateau among those with a duration of 11-15 years (21.8%) (Fig. 2) .
Multinominal logistic regression analysis was used to determine the independent historical and antenatal risk factors that were associated with postpartum glucose intolerance (Table   IV) . Current BMI, WC, age and ethnicity were adjusted for this analysis. FPG at diagnosis of index GDM and duration lapse after the index GDM pregnancy were shown to be significantly higher in participants who had T2DM, isolated IFG and combined IGT/IFG than women with NGT (p < 0.05). 2-hour PG at diagnosis of index GDM was significantly higher only in women with T2DM when compared to women with NGT (p < 0.05). There was no significant difference between women with isolated IGT and NGT with regard to these three parameters. There was also no significant association found for the other antenatal and historical characteristics analysed (such as maternal age at diagnosis of index GDM, parity, gravidity, frequency of GDM, weight at diagnosis of index GDM, BMI at diagnosis of index GDM, blood pressure at diagnosis of index GDM, infant's birth weight during the index GDM pregnancy, gestational age at diagnosis of index GDM and requirement of insulin treatment during the index GDM pregnancy) among the various categories of glucose tolerance/ T2DM (p < 0.05).
DIsCUssION
Women with PGDM are at increased risk of developing postpartum glucose intolerance. The prevalence of T2DM in our study was 35.5%, which was higher than the prevalence reported by the NHMS III study among the general female population in Malaysia (11.3%). (23) However, it is possible that the reason why the findings of these two studies are not comparable to each other is because the age groups of the women in the two cohorts are not the same.
Our study showed that the prevalence of postpartum glucose intolerance was different among the various ethnic groups (p < 0.05). Indian participants had the highest prevalence of T2DM (30.6%) compared to Malay (13.3%) and Chinese (8.6%)
women. This was consistent with the findings of previous national health surveys -NHMS II in 1996 and NHMS III in 2006 -where Indian participants were noted to have the highest prevalence of T2DM (NHMS II 11.5%; NHMS III 19.9%). (20, 23) In contrast, Indian participants had the lowest prevalence of prediabetes (22.2%) in our study when compared to Malay (40%) and Chinese (33.3%)
women. When the interethnic anthropometric characteristics were evaluated among prediabetic women (isolated IGT, isolated IFG and combined IGT/IFG) with PGDM, Indian and Malay women were found to have comparable BMI and WC, although the measurements in these two ethnic groups were higher than that in Chinese prediabetic women (p < 0.05; Table V) . Based on anthropometric surrogate markers (BMI and WC) of insulin (24) this result probably deserves further investigation in larger PGDM populations. It is also possible that the lowest prevalence of prediabetes observed among Indian women in our study was most likely due to insufficient power.
Elevated FPG during index pregnancy with GDM was reported to be a predictor of postpartum glucose intolerance in some studies. (5, 25) Our results were similar to these studies, as FPG was found to be an independent risk factor for the development of T2DM, combined IGT/IFG and isolated IFG (p < 0.05), but not for isolated IGT (p > 0.05), during the index GDM pregnancy.
2-hour PG was also found to be significantly higher in women with T2DM when compared to those with NGT (p < 0.05). This finding is consistent with earlier studies that have reported that elevated 1-hour or 2-hour PG levels after OGTT were a risk factor for either early (11, 26, 27) or long-term development of T2DM. (28) The duration lapse after an index GDM pregnancy has also been shown to be an independent predictor of postpartum glucose intolerance. (11, 29) In our study, the duration lapse after index GDM pregnancy was significantly higher in women with T2DM, combined IFG/IGT and isolated IFG than in those with NGT (p < 0.05). In addition, we found that the prevalence of T2DM increased in women with durations 1-5 years (8.8%) and 6-10 years (22.3%), but appeared to plateau in those with duration 11-15 years (21.8%). This finding was also consistent with a study by Kim et al.
The anthropometric and biochemical characteristics of participants with isolated IGT were not significantly different than those with NGT (p > 0.05), except for 2-hour PG levels.
Participants with isolated IFG had significantly higher mean LDL cholesterol and systolic blood pressure, as compared to those with NGT (p < 0.05) while participants with combined IGT/IFG had significantly higher triglycerides, LDL cholesterol level and systolic blood pressure compared to those with NGT and isolated IGT. This is consistent with other studies where isolated IFG was shown to have a stronger association with cardiometabolic risk factors in women with PGDM than isolated IGT. (30) Furthermore, combined IGT/IFG was shown to be associated with higher diabetic and cardiometabolic risk compared to isolated IGT and isolated IFG. (31) (32) (33) For this reason, regular follow-up with OGTT is essential to identify women with PGDM who may be prediabetic. (34) A meta-analysis by Gerstein et al reported that individuals with prediabetes were approximately 5-10 times more likely to develop diabetes mellitus within one year than people without IFG or IGT. (35) This is the first study from Malaysia that examines the prevalence of postpartum glucose intolerance in women with PGDM. However, the participants in the present study only represented an urban cohort from one institution in Malaysia. Furthermore, the effect of ethnicity could not be established beyond doubt due to the small sample size in our study. A larger multiethnic cohort study, involving both urban and rural populations is therefore warranted. Such studies would be vital for healthcare professionals in Malaysia to enable them to plan appropriate interventional programmes for this high-risk group of patients, in order to prevent or delay the occurrence of postpartum glucose intolerance/T2DM. In conclusion, women with PGDM are at increased risk of future glucose intolerance. The duration lapse after index GDM pregnancy and FPG at diagnosis of index GDM were found to be important variables that could be used for potential preventive strategies aimed at early identification of high-risk women. 
